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The  influences  of  the  gas  diffusion  layer  (GDL)  properties  on  the  current  distributions  of  a  direct  methanol 
fuel  cell  are  investigated.  Cathode  GDLs  with  different  hydrophobicity/hydrophilicity,  air  permeability, 
microporous  layer  (MPL),  thickness,  and  texture  properties  are  examined.  Among  the  GDLs  examined,  a 
thin  hydrophobic  GDL  with  an  MPL  has  the  most  homogeneous  current  distribution,  which  is  primarily 
ascribed  to  the  better  water  management  capabilities  of  the  cathode  GDL  properties.  The  differences 
in  the  current  distribution  among  the  different  GDLs  are  more  apparent  when  the  air  flow  rate  and 
loaded  current  are  lower.  The  effect  of  the  membrane  thickness  on  the  current  distributions  is  also 
investigated.  Among  the  membranes  examined,  Nation®  112  has  different  current  distributions  from 
the  others,  whereas  there  is  no  noticeable  difference  between  the  current  distributions  with  Nation®  115 
and  Nation®  117.  The  current  distribution  with  Nation®  1 12  is  most  affected  by  the  enhanced  methanol 
crossover  and  the  high  mixed  potential. 

©  201 1  Elsevier  B.V.  All  rights  reserved. 


1.  Introduction 

For  polymer  electrolyte  fuel  cells  (PEFCs),  including  direct 
methanol  fuel  cells  (DMFCs),  many  studies  have  experimentally  or 
theoretically  examined  the  spatial  difference  of  the  performance 
along  the  surface  of  the  membrane-electrode  assembly  (MEA)  dur¬ 
ing  operation.  It  is  important  to  investigate  the  spatial  difference 
because  the  continual  unevenness  of  spatial  performance  eventu¬ 
ally  diminishes  the  durability  of  PEFCs  [  1  -3  ].  Measuring  the  current 
distribution  using  a  current  mapping  method  is  recognized  as  a 
simple  quantitative  method  to  directly  measure  the  spatial  perfor¬ 
mance  [1-7]. 

The  spatial  difference  in  the  performance  is  essentially  related  to 
the  mass  transport  phenomena  that  occur  inside  PEFCs.  In  DMFCs, 
two-phase  flows  of  a  liquid  methanol  solution  and  C02  gas  in  the 
anode  side,  flows  of  air  and  vapor/liquid  water  in  the  cathode  side, 
and  a  methanol  crossover  flow  from  the  anode  side  to  the  cathode 
side  are  representative  of  the  mass  transport  phenomena.  Many 
studies  have  discussed  how  these  phenomena  affect  the  spatial 
difference  in  DMFC  performance  [8];  most  studies  have  focused 
on  the  effects  of  the  operating  conditions  such  as  reactant  feed 
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condition,  operating  temperature,  and  flow  field  configurations 
[2,3,6,9,10]. 

The  materials  that  form  the  MEA  are  the  key  components  that 
determine  the  performance  of  DMFCs.  The  MEA  is  usually  com¬ 
posed  of  an  electrolyte  membrane,  catalyst  layer,  and  electrode  (gas 
diffusion  layer,  GDL).  Each  component  should  be  carefully  chosen 
and/or  designed  to  attain  high  performance.  As  well  as  catalytic 
activity,  the  structure  of  the  catalyst  layer,  GDL,  and  membrane 
affect  cell  performance.  For  the  catalyst  layer,  the  layer  thickness, 
carbon  support  morphology,  and  amount  of  binder  affect  the  per¬ 
formance  [11,12].  For  the  GDL,  the  physical  or  chemical  properties, 
such  as  texture,  hydrophobicity/hydrophilicity,  air  permeability, 
and  existence  of  a  microporous  layer  (MPL),  determine  the  layer 
structure  and  can  affect  the  mass  transfer  that  occurs  inside  a  cell 
as  well  as  cell  performance  [13-15].  For  an  electrolyte  membrane, 
the  methanol  permeability  and  proton  conductivity  of  the  mem¬ 
brane,  which  are  determined  by  membrane  properties  such  the 
membrane  thickness  and  chemical  composition,  affect  cell  perfor¬ 
mance  [16-19].  Therefore,  regarding  the  MEA  properties  in  DMFCs, 
many  studies  have  been  undertaken  to  experimentally  and  numeri¬ 
cally  examine  how  these  affect  mass  transport  and  cell  performance 
[8].  However,  only  a  few  studies  have  reported  how  the  MEA  prop¬ 
erties  influence  the  spatial  difference  in  performance  during  the 
operation  of  DMFCs  [6]. 

In  the  present  study,  the  effect  of  the  differences  in  GDL  and 
membrane  properties  on  current  distributions  was  investigated  to 
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Table  1 

GDLs  (SIGRACET®  GDL  by  SGL  Technologies  GmbH)  examined  in  this  study  and  their 
properties  [20]. 


GDL 

Existence 
of  MPL 

Hydrophilicity 

Thickness,  p,m 

Material 

GDL  25AA 

No 

Hydrophilic 

190 

Carbon  paper 

GDL  25BA 

No 

Hydrophobic 

190 

Carbon  paper 

GDL25BC 

Yes 

Hydrophobic 

240 

Carbon  paper 

GDL10BC 

Yes 

Hydrophobic 

420 

Carbon  felt 

quantitatively  analyze  DMFC  performance  at  each  location.  Based 
on  previous  results  on  the  effect  of  cell  operating  conditions  [3],  the 
effects  of  the  variation  in  texture,  hydrophobicity/hydrophilicity, 
air  permeability,  existence  of  an  MPL  on  the  GDL,  and  membrane 
thickness  on  the  control  of  the  current  distribution  were  analyzed. 


2.  Experimental 

2. 1 .  Preparation  of  the  MEA 


Fig.  1.  Schematic  of  a  single  cell  used  for  measurement  of  the  current  density  dis¬ 
tribution  [3]. 


To  investigate  the  effect  of  the  GDL  properties  on  the  cur¬ 
rent  distributions,  the  GDLs  for  the  cathode  electrode  were  varied. 
Four  types  of  GDLs  from  the  SIGRACET®  GDL  series  (SGL  Tech¬ 
nologies  GmbFI)  were  selected  for  comparisons,  as  shown  in 
Table  1  [20].  The  four  types  selected  represent  GDLs  that  have 
carbon  paper  without  any  treatment  (SIGRACET®  GDL  25AA),  car¬ 
bon  paper  with  hydrophobic  treatment  (SIGRACET®  GDL  25BA), 
carbon  paper  with  hydrophobic  treatment  and  MPL  (SIGRACET® 
GDL  25BC),  and  a  thick  carbon  felt  with  a  hydrophobic  treat¬ 
ment  and  MPL  (SIGRACET®  GDL  10BC).  Hereafter,  each  GDL  will 
be  referred  to  as  GDL  25AA,  GDL  25BA,  GDL  25BC,  and  GDL  10BC, 
respectively.  Therefore,  the  thickness  and  air  permeability  of  the 
samples  differ  from  each  another  due  to  the  abovementioned  dif¬ 
ferences. 

To  investigate  the  effect  of  the  membrane  thickness  on  the  cur¬ 
rent  distributions,  Nation®  (Du  Pont)  membranes  with  different 
thicknesses  were  selected:  Nation®  112  (50.8  pun),  Nation®  115 
(127  [Jim),  and  Nation®  117  (177.8  pun)  [16,17]. 


Unless  otherwise  specified,  the  GDL  for  the  anode  electrode,  the 
cathode  electrode,  and  the  membrane  were  TGP-H-060  (Toray)  pre¬ 
treated  with  a  5wt%  Teflon  solution,  SIGRACET®  GDL  25BC,  and 
Nation®  115,  respectively. 


Fig.  2.  Segment  positions  of  measurement  cell  along  the  channel  [3]. 
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Fig.  3.  Current  distributions  at  various  cathode  flow  rates  with  a  current  load  of  2  A,  with  (a)  GDL  25AA,  (b)  GDL  25BA,  (c)  GDL  25BC,  and  (d)  GDL  10BC  at  the  cathode  side. 
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Fig.  4.  Current  distributions  at  various  cathode  flow  rates  with  a  current  load  of  5  A,  with  (a)  GDL  25AA,  (b)  GDL  25BA,  (c)  GDL  25BC,  and  (d)  GDL  10BC  at  the  cathode  side. 


The  catalysts  were  prepared  using  the  same  method  as  that 
described  in  the  previous  study  [13].  PtRu  black  (HiSpec  6000™, 
Johnson  Matthey)  and  Pt  black  (HiSpec  1000™,  Johnson  Matthey) 
were  used  for  the  anode  and  cathode,  respectively.  PtRu  Black  was 
mixed  with  10wt%  of  Nation®  (5wt%  Nation®  solution),  and  Pt 
Black  was  mixed  with  7  wt%  of  Nation®  (5  wt%  Nation®  solution)  to 
produce  the  slurry  for  each  catalyst.  The  amount  of  catalyst  load¬ 
ing  were  4  mg  cm-2  of  Pt  for  the  anode  side  and  5  mg  cm-2  of  Pt  for 
the  cathode  side.  The  Nation®  membrane  was  sandwiched  between 
the  two  electrodes  and  these  three  components  were  hot  pressed 
at  1 50  °C  for  1  min  under  a  pressure  of  70  kgf  cm-2.  The  active  area 
of  the  MEA  was  25  cm2  (5  cm  x  5  cm). 

2.2.  Measurement  of  the  current  distribution 

Current  Scan  Lin  (S++®)  was  used  in  this  study  as  the  current 
mapping  device  (Fig.  1;  [3]).  The  sensor  plate  was  segmented  into 
49  positions,  and  the  current  density  was  measured  at  each  of  these 
segments.  The  five-line  serpentine  configuration  of  the  flow  fields, 
segmentation,  and  directions  of  the  inlet  and  outlet  for  the  reactant 
and  the  product,  respectively,  are  also  described  in  Fig.  2  [3]. 

Unless  otherwise  specified,  the  base  operating  conditions  were 
as  follows:  galvanostatic  operation  mode,  a  total  current  of  2  A  or 
5  A  on  a  single  cell,  stoichiometric  factors  (A.)  [3]  of  5  for  the  anode 
and  2-10  for  the  cathode,  a  methanol  concentration  of  1  M,  and  a 
cell  temperature  of  60  °C.  The  current  was  loaded  on  a  single  cell 
for  2  min  while  the  cell  voltage  was  measured.  The  current  dis¬ 
tributions  and  the  cell  voltages  presented  in  this  study  represent 
the  data  obtained  100  s  after  the  current  was  loaded  on  the  single 
cell. 

3.  Results 

3.  i.  Current  distributions  with  different  GDLs 

In  a  previous  study  [3],  it  was  found  that  the  current  densities 
at  the  cathode  outlet  were  lowered  at  low  air  flow  rates  with  2  M 
methanol,  and  this  is  primarily  a  result  of  the  water  flooding  caused 


by  a  lack  of  air  and  a  reduced  oxygen  mass  fraction  toward  the  cath¬ 
ode  outlet.  However,  the  current  distributions  with  1  M  methanol 
are  more  homogeneous  than  those  with  2  M  methanol  under  the 
same  operating  conditions.  In  this  study,  therefore,  the  methanol 
concentration  was  set  to  1  M. 

The  current  distributions  in  the  MEAs  with  four  different  types 
of  cathode  GDL  were  measured  with  loaded  currents  of  2  A  and  5  A 
at  various  flow  rates.  The  corresponding  current  distributions  at 
2  A  are  presented  in  Fig.  3.  As  expected,  the  current  distributions 
with  hydrophobic  GDLs  that  have  an  MPL  (Figs.  3(c)  and  (d))  are 
comparatively  homogeneous. 

Except  for  GDL  1 0BC,  when  the  air  flow  rate  was  low,  the  current 
densities  near  the  cathode  outlet  were  lower,  and  the  periodi¬ 
cal  drops  in  current  density  near  the  U-bend  were  more  clearly 
observed.  For  GDL  25BA  in  particular,  the  current  densities  near 
the  cathode  outlet  showed  zero  values  at  the  lowest  air  flow  rate  of 
X  =  2.  For  GDL  1 0BC,  however,  a  lower  current  density  near  the  cath¬ 
ode  outlet  and  periodical  drops  were  barely  observed.  The  lowered 
current  densities  at  the  cathode  outlet  region  and  the  periodical 
drops  at  the  U-bend  region  were  usually  observed  simultaneously. 
This  was  a  result  of  the  lowered  air  velocity  and  the  subsequent 
water  accumulation  in  those  regions. 

The  current  distributions  measured  at  5  A  are  presented  in  Fig.  4. 
Overall,  the  current  densities  were  more  evenly  distributed  com¬ 
pared  with  those  at  2  A,  even  though  the  lower  current  densities 
near  the  cathode  outlet  and  the  periodical  drops  were  still  observed 
for  GDL  25BA  and  GDL  25AA,  particularly  at  low  air  flow  rates.  For 
GDL  25BC,  the  currents  were  evenly  distributed  regardless  of  the  air 
flow  rate,  and  the  periodical  drops  were  not  observed,  even  at  low 
air  flow  rates.  However,  for  GDL  10BC,  the  increase  in  current  den¬ 
sities  toward  the  methanol  inlet  (i.e.  the  cathode  outlet)  became 
more  apparent  when  the  air  flow  rate  increased. 

Figs.  5  and  6  show  the  current  distributions  as  a  function  of  the 
GDL  type  at  currents  of  2  A  and  5  A,  respectively.  (The  data  are  rear¬ 
ranged  with  those  in  Figs.  3  and  4.)  In  Fig.  5,  the  differences  among 
the  various  GDLs  in  current  distribution  are  shown  to  be  the  largest 
at  the  lowest  air  flow  rate  {X  =  2)  and  become  smaller  as  the  air  flow 
rate  increases.  In  Fig.  6,  with  an  air  flow  rate  of  A  =  2,  the  current 
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Fig.  5.  Comparison  of  current  distributions  with  different  cathode  GDLs  with  a  current  load  of  2  A  at  different  cathode  flow  rates  (A,):  (a)  2,  (b)  3,  (c)  5,  and  (d)  10. 


distributions  differ  largely  between  each  GDL  At  5  A,  the  current 
differences  among  the  different  GDLs  are  less  prominent  than  those 
at  2  A. 

To  compare  each  result  more  clearly,  plots  of  the  cell  voltages, 
slopes,  and  deviation  factors  are  shown  in  Figs.  7  and  8.  The  slopes 
were  determined  using  a  linear  regression  from  the  current  density 
data  in  Figs.  3  and  4.  The  deviation  factors,  called  ‘normalized  stan¬ 
dard  deviations’  in  this  study,  are  defined  as  the  standard  deviation 
of  the  current  densities  from  the  average  divided  by  each  loaded 
current  (2  A  and  5  A). 


As  expected,  the  MEA  with  GDL  25BC  had  the  highest  cell  volt¬ 
ages  at  all  air  flow  rates  and  at  both  loaded  currents  [13].  Compared 
with  the  MEA  with  GDL  25BC,  the  MEAs  with  GDL  25BA  and  GDL 
25AA  showed  lower  cell  voltages  due  to  bad  water  management. 
The  MEA  with  GDL  1 0BC  also  showed  a  lower  cell  voltage  than  25BC, 
especially  at  high  air  flow  rates,  which  is  a  possible  result  of  the 
high  through-plane  electrical  resistance  from  the  thick  diffusion 
layer  of  GDM  10BC  that  leads  to  a  high  ohmic  and  mass  transfer 
overpotential  [21]. 
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Fig.  6.  Comparison  of  current  distributions  with  the  different  cathode  GDLs  with  a  current  load  of  5  A  at  different  cathode  flow  rates  (A):  (a)  2,  (b)  3,  (c)  5,  and  (d)  10. 
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The  slopes  in  Figs.  7(b)  and  8(b)  represent  how  the  current  den¬ 
sities  change  from  the  direction  of  the  cathode  inlet  to  that  of  the 
cathode  outlet  with  a  rough  estimation  of  the  current  densities 
approximated  as  a  linear  change  along  the  path.  At  both  2  A  and  5  A, 
the  slopes  for  GDL  25BA  and  GDL  25AA  exhibited  negative  values 
at  all  air  flow  rates,  whereas  those  for  GDL  10BC  showed  positive 
values  at  all  air  flow  rates. 

The  deviation  factors  in  Figs.  7(c)  and  8(c)  represent  how  much 
the  current  density  measured  at  each  point  deviates  from  the 
average  current.  At  the  lower  current  (2  A),  the  deviation  factor 
decreases  as  the  air  flow  rate  increases  for  GDL  25BC,  GDL  25BA, 
and  GDL  25AA;  however,  for  GDL  10BC  only,  it  slightly  increase  as 
the  air  flow  rate  increases.  At  the  higher  current  (5  A),  the  changes 
in  the  deviation  factors  due  to  an  increase  in  the  air  flow  rate  show 
a  similar  behavior  to  that  at  2  A.  For  GDL  25BC,  however,  the  factor 
slightly  increases  as  the  air  flow  rate  increases,  which  is  a  trend 
opposite  to  that  displayed  at  2  A  [3]. 

3.2.  Current  distributions  with  different  Nafion®  membrane 
thicknesses 

The  current  distributions  with  different  membrane  thicknesses 
were  examined.  For  the  MEAs  with  Nafion®  112,  Nafion®  115,  and 
Nafion®  117,  the  current  distributions  and  corresponding  cell  volt¬ 
ages  at  various  anode  and  cathode  flow  rates  were  measured  as 
shown  in  Figs.  9  and  10.  In  Fig.  9,  the  anode  flow  rates  were  set  to 
A  =  2  for  all  cases,  whereas  the  air  flow  rates  were  varied  from  X  =  2 
to  A  =  10  to  observe  how  the  current  distributions  were  affected 
by  the  membrane  thickness  at  different  air  flow  rates.  To  produce 
Fig.  10,  however,  the  air  flow  rates  were  set  to  A  =  2  for  all  cases, 
after  which  the  anode  flow  rates  were  varied.  The  two  thicker 
membranes  (Nafion®  117  and  Nafion®  115)  showed  little  differ¬ 
ence  in  current  distribution.  In  contrast,  the  MEA  with  the  thinnest 
membrane  (Nafion®  112)  showed  very  different  current  distri¬ 
butions,  which  may  have  resulted  from  the  enhanced  methanol 
crossover  through  this  membrane  [17].  In  Fig.  9  (when  the  anode 
flow  rates  were  set  to  A  =  2),  it  is  noteworthy  that  the  MEA  with 
Nafion®  112  had  much  higher  current  densities  near  the  cathode 
outlet  (i.e.  anode  inlet)  than  near  the  cathode  inlet,  whereas  those 
with  Nafion®  115  and  Nafion®  117  had  slightly  lower  current  den¬ 
sities  near  the  cathode  outlet  than  near  the  cathode  inlet  or  had 
even  current  distributions. 

The  current  distributions  with  Nafion®  1 12  are  presented  under 
various  flow  rate  conditions  in  Fig.  1 1 .  With  Nafion®  112,  there  were 
two  types  of  representative  current  distribution  profiles.  In  the  first, 
which  represents  most  cases,  the  current  densities  became  lower 
toward  the  cathode  inlet  (i.e.  enhanced  toward  the  cathode  out¬ 
let).  In  the  second,  the  current  densities  became  lower  toward  the 
cathode  outlet,  which  was  apparent  when  the  cathode  flow  rate 
was  low  compared  with  the  anode  flow  rate  (cathode  A  =  2  with 
anode  A  =  5  or  10).  The  former  case  was  affected  more  by  enhanced 
leakage  current  near  the  cathode  inlet  due  to  the  high  air  flow  rate 
from  the  cathode  inlet  [17].  The  latter  was  affected  more  by  reduced 
oxygen  concentrations  due  to  water  clogging  near  the  cathode  out¬ 
let,  as  was  discussed  in  a  previous  study  [3].  With  Nafion®  112,  in 
this  current  region  (80mA cm-2),  the  leakage  current  is  primar¬ 
ily  attributed  to  diffusion  through  the  membrane  rather  than  to 
electro-osmotic  drag  [17].  In  this  study,  the  diffusion  coefficient 
was  determined  by  the  membrane  thickness. 

Another  characteristic  of  the  current  distribution  with  Nafion® 
112  is  that  periodical  current  peaks  were  frequently  observed 
where  the  channel  direction  was  inverted  (e.g.,  U-bend  [3,22]), 
simultaneously  with  the  first  type  of  current  distribution  profile 
described  above  (e.g.,  the  current  densities  are  lowered  toward 
the  cathode  inlet).  This  behavior  can  be  ascribed  to  the  configu¬ 
ration  of  the  five-line  serpentine  channel  and  the  mass  transport  of 


Cathode  A 

Fig.  7.  Comparison  of  (a)  cell  voltages,  (b)  slopes,  and  (c)  deviation  factors  with 
different  cathode  GDLs  at  various  cathode  flow  rates  and  a  current  load  of  2  A. 


methanol.  Where  the  flow  direction  is  inverted,  the  current  leak¬ 
age  by  oxidation  of  the  crossover  methanol  decreases  because  the 
methanol  solution  velocity  in  the  anode  is  lower  than  that  at  other 
locations.  Accordingly,  the  local  reduction  in  the  leakage  current 
may  result  in  a  local  peak  in  the  current. 

As  shown  in  Fig.  1 1 ,  when  the  air  flow  rate  is  relatively  low  com¬ 
pared  with  the  anode  flow  rate,  periodical  peaks  are  less  apparent  or 
even  disappear.  Instead,  a  reduced  current  density  can  be  observed 
near  the  cathode  outlet,  which  was  a  representative  phenomenon 
in  the  previous  study  [3];  it  was  observed  under  the  conditions  of 
a  low  air  flow  rate,  high  anode  flow  rate,  and  with  Nafion®  115  and 
2  M  methanol. 
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Fig.  8.  Comparison  of  (a)  cell  voltages,  (b)  slopes,  and  (c)  deviation  factors  with 
different  cathode  GDLs  at  various  cathode  flow  rates  and  a  current  load  of  5  A. 


4.  Discussion 

4. 1 .  Effects  of  the  GDL  properties 

It  has  been  reported  that  the  water  produced  from  the  oxy¬ 
gen  reduction  reaction  at  the  cathode  is  difficult  to  remove,  and 
water  flooding  occurs  when  a  hydrophilic  GDL  is  used  [13-15].  Even 
though  the  GDL  is  hydrophobic,  water  flooding  remains  important 
because  the  water  produced  is  pushed  away  from  the  hydropho¬ 
bic  GDL  to  the  catalyst  layer,  which  leads  to  water  flooding  in  the 
catalyst  layer  region;  in  this  regard,  the  existence  of  an  MPL  is 
beneficial.  It  is  known  that  the  MPL  collects  the  water  produced 
from  the  catalyst  layer  by  capillary  force  and  then  transfers  it 


Fig.  9.  Comparison  of  current  distributions  with  different  Nation®  membranes  and 
a  current  load  of  2  A  at  different  cathode  flow  rates  (A.):  (a)  2,  (b)  5,  (c)  10. 

to  the  channel  [14,15],  preventing  water  flooding.  Therefore,  as 
shown  in  Figs.  3-6,  it  can  be  said  that  GDL  25BA  and  GDL  25AA 
exhibit  bad  water  management  capabilities  at  the  cathode  out¬ 
let  when  the  air  flow  rate  is  low,  causing  lower  current  densities 
in  this  region  [3,13].  For  the  current  distributions  at  5  A,  how¬ 
ever,  the  flow  rates  required  to  meet  the  controlled  stoichiometry 
(A.  =  2-10)  at  the  cathode  are  relatively  high;  thus,  the  reduced  cur¬ 
rent  densities  in  this  region  are  less  apparent  than  those  at  2  A 
[3]. 

As  shown  in  Figs.  3(c),  (d)  and  4(c),  (d),  the  differences  in  the 
current  distributions  between  GDL  25BC  and  GDL  10BC  are  barely 
observable  with  variations  in  the  air  flow  rate,  which  result  from 
the  well-managed  water  removal.  Thus,  it  can  be  said  in  this  case 
that  the  reduced  current  near  the  cathode  outlet  due  to  the  low 
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Fig.  10.  Comparison  of  current  distributions  with  different  Nation®  membranes  and 
a  current  load  of  2  A  at  different  anode  flow  rates  (A,):  (a)  2,  (b)  5,  (c)  10. 


air  flow  rate  and  the  subsequent  channel  clogging  do  not  matter  in 
this  flow  rate  regime.  In  addition,  by  locally  drying  the  membrane 
near  the  cathode  inlet  with  a  high  air  flow  rate,  an  increase  in  the 
current  distribution  toward  the  cathode  outlet  can  be  observed  [3], 
and  this  is  more  prominent  when  the  air  flow  rate  is  higher. 

Unlike  the  other  GDLs,  for  GDL  10BC,  as  the  cathode  flow 
increases,  the  cell  voltage  decreases,  and  the  deviation  increases; 
furthermore,  it  is  more  apparent  at  the  higher  current  of  5  A.  For  the 
other  GDLs,  the  prevention  of  water  accumulation  due  to  removal  at 
a  higher  rate  of  air  flow  may  increase  the  current  densities  near  the 
cathode  outlet,  as  was  described  previously  [3].  However,  for  GDL 
10  BC,  the  excessively  high  air  flow  rate  leads  to  a  decrease  in  the 
cell  voltage  with  an  increase  in  the  deviation  from  an  even  current 
distribution,  which  may  be  attributed  to  the  higher  air  permeability 
of  GDL  10BC.  The  higher  air  permeability  of  GDL  10BC  with  respect 
to  that  of  GDL  25BC  resulted  from  the  higher  porosity  of  the  felt- 
type  compared  to  the  paper- type  GDL  [20],  which,  together  with 
easy  water  removal  due  to  the  existence  of  MPL  and  hydropho- 
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Fig.  11.  Current  distributions  with  Nation®  1 12  at  various  cathode  flow  rates  and  a 
current  load  of  2  A  at  different  anode  flow  rates  (A):  (a)  2,  (b)  5,  (c)  10. 


bicity,  may  lead  to  an  enhanced  partial  drying  of  the  membrane 
near  air  inlet  at  a  sufficiently  high  air  flow  rate  and  may  then  con¬ 
tribute  to  a  decrease  in  the  current  density  in  this  region.  This 
becomes  more  apparent  at  5  A  because  the  air  flow  rates  required 
are  sufficiently  high  to  satisfy  the  stoichiometric  factors  from  2  to 
10. 

4.2.  Effects  of  the  membrane  thickness 

As  briefly  stated  in  the  last  part  of  Section  3.2,  it  was  found  that 
the  current  distributions  with  Nation®  112  and  1  M  methanol  are 
somewhat  similar  to  those  with  Nation®  115  and  2  M  if  measured 
under  conditions  of  high  anode  flow  rates  and  low  cathode  flow 
rates.  The  leakage  current  is  relatively  high  under  such  conditions 
and  can  be  affected  by  both  membrane  thickness  and  methanol 
concentration.  Variation  in  the  Nation®  thickness  affects  the  dif¬ 
fusion  only  among  the  parameters  that  determine  the  leakage 
current,  whereas  variation  in  the  methanol  concentration  affects 
both  diffusion  and  electroosmotic  drag  [17].  It  is  concluded  that, 
however,  enhanced  methanol  crossover  occurred  due  to  either  a 
thin  membrane  or  a  high  methanol  concentration  and  resulted 
in  similar  current  distribution  profiles.  That  is,  even  though  it 
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was  not  examined  directly  in  this  study,  the  current  distribu¬ 
tion  at  a  high  methanol  concentration  (>2M)  might  be  similar 
to  distributions  with  a  thin  membrane  under  these  flow  rate 
conditions. 

5.  Conclusions 

Direct  methanol  fuel  cells  that  have  a  hydrophobic  cathode  GDL 
with  a  microporous  layer  and  an  electrolyte  membrane  of  proper 
thickness  generally  exhibit  relatively  high  performance.  In  this 
sense,  the  effects  of  GDL  properties  and  membrane  thickness  on 
current  distributions  were  examined.  Together  with  the  phenom¬ 
ena  observed  in  the  previous  study  [3],  it  was  concluded  that  a  thin 
hydrophobic  GDL  with  an  MPL  showed  the  most  homogeneous  cur¬ 
rent  distribution,  and  this  is  attributed  primarily  to  the  better  water 
management  by  the  GDL  properties  of  the  cathode.  Furthermore, 
the  effect  of  the  membrane  thickness  on  the  current  distributions 
in  Nation®  112,  Nation®  115,  and  Nation®  117  were  investigated. 
Among  these,  the  current  distributions  with  Nation®  112  differed 
significantly  from  those  with  the  other  two  membranes.  The  cur¬ 
rent  distribution  with  Nation®  112  appeared  to  be  most  affected  by 
the  enhanced  methanol  crossover. 
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